Introduction
============

Transitional cell carcinoma (TCC) of the bladder is the most common malignancy in the urinary tract. American Cancer Society estimates about 80,470 new cases and about 17,670 deaths from bladder cancer in 2019 in United States, with an almost three times higher incidence in male patients ([@b1-ol-0-0-11218]). Bladder cancer incidence peaks between ages 50 and 70 years and the leading risk factors for bladder cancer development are tobacco smoking and occupational exposure to various chemical substances (mainly benzene and aryl amines) ([@b2-ol-0-0-11218],[@b3-ol-0-0-11218]).

When diagnosed for the first time, usually by transurethral bladder resection, approximately 75% of tumors are identified as non-muscle invasive bladder cancer (NMIBC) and are confined to the bladder mucosa and submucosa ([@b4-ol-0-0-11218]). The remaining are muscle invasive bladder cancers which have a much worse prognosis and require more aggressive treatment with very little chance of bladder preservation. But NMIBC is also a serious disease, well known for its recurrence and progression rates, which are not easy to predict. Furthermore, it is estimated that up to 20% of NMIBC will progress to muscle invasive disease ([@b5-ol-0-0-11218],[@b6-ol-0-0-11218]). The most important risk factors for recurrence and progression are number of tumors (single vs. two or more tumors), tumor grade (low vs. high), tumor size (\< vs. ≥3 cm), presence of CIS and prior recurrence rate (≤ vs. \>1 recurrence/year) ([@b4-ol-0-0-11218]). It has also been shown that the response to intravesical treatment with bacillus Calmette-Guerin (BCG) is an important prognostic factor for NMIBC ([@b7-ol-0-0-11218]).

Bone morphogenetic proteins (BMPs), named so because they were first isolated from bone, are members of the transforming growth factor beta family (TGF-β). More than 20 members of BMP have been isolated to date. BMPs have a critical function during normal mammalian development and cellular differentiation ([@b8-ol-0-0-11218]--[@b10-ol-0-0-11218]). Recent studies have also shown that they may play an important role in the regulation of malignant cells, including prostate ([@b11-ol-0-0-11218]) and bladder cancer ([@b12-ol-0-0-11218],[@b13-ol-0-0-11218]). We have investigated BMP-6 and −7 in human clear cell renal carcinoma and we have found a significantly higher BMP-6 mRNA expression in malignant than in healthy tissue. Nevertheless, BMP-6 mRNA and protein expression have not shown a significant correlation with disease presentation, disease progression and patients\' characteristics ([@b14-ol-0-0-11218]). BMP-7 expression was down-regulated in our clear cell renal carcinoma samples ([@b15-ol-0-0-11218]). Our research has been limited by a relatively small number of samples and a relatively short follow-up period.

BMPs\' expression and a possible role in urological cancers are still not clear. Presumably, it is different for distinct members of BMPs and diverse urological cancers as well as for their histology, grade, stage and tissue heterogeneity. Thus, in order to proceed with our research of BMPs in urological cancer, in this study we aimed to examine their (BMP-2, −4, −6, and −7 proteins) expression in NMIBC and their possible role in the progression and recurrence of the disease.

Huge efforts have been invested in finding novel pathways associated with the evolution of different malignancies, which may lead to an improvement in patients\' prognosis. It is necessary to identify molecular markers that may predict the outcome or potentially serve as therapeutic targets for NMIBC. Preliminary data have shown that BMPs are important molecular markers for urothelial carcinomas ([@b16-ol-0-0-11218]--[@b19-ol-0-0-11218]).

Materials and methods
=====================

This study is based on tissue samples from 71 patients with NMIBC treated with transurethral resection (TUR) at our institution from 2007--2010. Written informed consent was obtained in accordance with the local Ethics Code. The study was conducted in accordance with the Helsinki Declaration, and was approved by the Ethics Committee of the University Hospital Center Zagreb. Patient data, as well as data on previous surgery for bladder cancer, including the time to recurrence, were obtained. Number of tumors in the bladder, size of tumors in cm, and pathohistological findings were collected. We also stained 10 samples of macroscopically and histologically healthy bladder tissue obtained during brain death, heart-beating donor organ explantation. The pathological stage was assigned according to the American Joint Committee on Cancer criteria using the 2004TNM staging system.

### Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues (3--4 µm) were deparaffinized in xylene and then rehydrated through graded alcohol. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 10 min. The sections were blocked with 20% normal rabbit serum for 30 min. prior to 1 h of incubation with primary antibody (mouse monoclonal BMP-2, −4, −6 antibodies, (Abcam, UK) and antihuman BMP-7 monoclonal antibody \[(R&D Systems, USA)\]. The slides were washed twice in Tris-buffered saline and incubated with biotinylated rabbit-antimyocyte antibody (DAKO, Glostrup, Denmark) diluted 1:500 in blocking serum. The detection of antibody reaction was carried out with a standard streptavidin-biotin complex (Dako, Glostrup, Denmark). Negative control sections were processed in an identical manner after omitting the primary antibody: They showed no staining. Immunohistochemical staining for BMPs was evaluated semiquantitatively and the specimens were scored according to the distribution of positive cells. Immunostaining results were graded according to the following protocol: 3+, more than 50% of cells positive; 2+, 10--50% of cells positive; 1+, up to 10% of cells positive; and 0, if cells demonstrated no positive staining. The cellular localization and pattern of immunoreactivity were examined in a blinded fashion independently by two investigators.

The patients were followed-up every 3 months for 2 years, then every 6 months for 2 years and annually thereafter. The routine check-up included office visits, serum electrolytes, urine cytology, cystoscopy and ultrasound. Bladder and upper urinary tracts, using multislice computed tomography were imaged at the discretion of the treating physician. The patients who were followed elsewhere were evaluated by correspondence or a phone interview. Time to recurrence was calculated as the time interval from surgical intervention to the first evidence of recurrence or until the last follow-up if the patient did not have recurrence.

### Statistical analysis

Statistical analysis was performed using the STATISTICA software package version 6.1, SN AGA304B211928E61, StatSoft Inc.; USA.

Generalized one-way ANOVA as test in Generalized Linear/Nonlinear Model for Poisson distribution was performed from pairwise/multiple group comparison (Comparison between BMP categories in numerical parameters). Descriptive statistics and t-tests for single samples were also performed. Comparison between BMP categories in qualitative parameters were assessed using cross-tabulation tables and Pearson chi-square test. All statistical analyses were 2-tailed, with P\<0.05 considered to indicate a statistically significant difference..

Results
=======

The study included 49 men and 22 women. Mean age at the time of TUR was 65.5 years (from 39--84). Out of 71 patients, 24 (34%) had previous TUR for bladder cancer. Based on pathohistological findings, 38 patients (54%) had low-grade and 33 (46%) high-grade bladder cancer. Twenty-eight patients (39%) had Ta and 43 (61%) T1 stage cancer. The patients were followed-up from 5 to 67 months (mean 33). Thirty-four patients (48%) had at least one recurrence, mean 1.6 (from 1 to 4) ([Table I](#tI-ol-0-0-11218){ref-type="table"}). Out of 34 patients with recurrence, 11 (32%) had a change in the grade status (three progressed to a higher grade and eight showed downgrading to a lower grade). Regarding the stage, five patients progressed from Ta to T1 cancer, and six patients demonstrated a downstaging from T1 to Ta cancer. Expression of BMPs was as follows: BMP-2 in normal bladder tissue from 2 to 3 (2.9) ([Fig. 1A](#f1-ol-0-0-11218){ref-type="fig"}) and in cancer tissue from 1--3 (2.5) ([Fig. 1B-D](#f1-ol-0-0-11218){ref-type="fig"}), BMP-4 in normal bladder tissue from 1--2 (1.1) ([Fig. 2A](#f2-ol-0-0-11218){ref-type="fig"}) and in cancer tissue from 0--3 (0.9) ([Fig. 2B](#f2-ol-0-0-11218){ref-type="fig"}), BMP-6 in normal bladder tissue from 0--1 (0.9) ([Fig. 3A](#f3-ol-0-0-11218){ref-type="fig"}) and in cancer tissue from 0--2 (0.3) ([Fig. 3B](#f3-ol-0-0-11218){ref-type="fig"}), BMP-7 in normal bladder tissue from 2--3 (2.7) ([Fig. 4A](#f4-ol-0-0-11218){ref-type="fig"}) and in bladder cancer tissue from 0--3 (0.4) ([Fig. 4B-D](#f4-ol-0-0-11218){ref-type="fig"}). Comparison of expression levels in normal tissue and in cancer tissue revealed statistically significant changes of BMP-2 (P\<0.01), BMP-6 (P\<0.01) and BMP-7 (P\<0.01) but not BMP-4 (P=0.32) ([Table II](#tII-ol-0-0-11218){ref-type="table"}). In normal tissue and in tumor samples, the staining of BMP proteins was confined within the cytoplasm, magnification 20× and for BMP-7 in cancer tissue 40×.

The average number of tumors in the bladder was 2.3 \[ranging from 1 to multiple tumors (≥8)\], ([Table I](#tI-ol-0-0-11218){ref-type="table"}). By comparing the number of tumors in the bladder and BMP expression we found that only the decrease in BMP-7 was significant and almost statistically significant (P=0.07). For other BMP proteins no significant change was found \[BMP-2 (P=0.93), BMP-4 (P=0.99), BMP-6 (P=0.89)\]. When we divided the subjects according to the number of tumors in the bladder into those with 1 and those with \>1 tumors, the results were similar: BMP-7 (P=0.06), BMP-2 (P=0.55), BMP-4 (P=0.5) and BMP-6 (P=0.86). The average tumor size in the bladder was 4 cm (from 1 to 10), ([Table I](#tI-ol-0-0-11218){ref-type="table"}). The tumor size and BMP expression did not show any correlation \[BMP-2 (P=0.49), BMP-4 (P=0.63), BMP-6 (P=0.92), BMP-7 (P=0.95)\]. When we divided the subjects according to the tumor size into two groups: Patients with tumors up to 3 cm, and patients with tumors ≥3 cm, no statistically significant change was found either: BMP-2 (P=0.92), BMP-4 (P=0.56), BMP-6 (P=0.17) and BMP-7 (P=0.54). Since 24 patients (34%) had a previous TUR for bladder cancer, we compared BMP proteins expression in this group and in the group of patients without any previous history of bladder cancer. Time from previous TUR ranged from 4 to 234 months (mean 9). For BMP-2 expression, patients who had \<50% of cells positive compared to those with ≥50% have a significantly shorter time period from previous surgery for bladder cancer, i.e. 5 vs. 13 months (P\<0.01). Loss of BMP-7 positivity was also significantly related with a shorter period of time from previous surgery, i.e. 6 vs. 22 months (P\<0.01), ([Table III](#tIII-ol-0-0-11218){ref-type="table"}). When comparing patients with previous recurrence ≤1 year, and those with tumor reappearance \>1 year, eleven patients had recurrence in a period ≤1 year while in 13 patients more than a year passed between the previous tumor and the tumor from which the samples for this study were obtained. However, the size of the two patient groups was too small for a valid statistical analysis.

For patients exhibiting BMP-2 positive tumors with \<50% of positive cells, a shorter time to first recurrence and a higher number of tumor recurrence in the follow-up period was observed than in patients with ≥50% of positive cells (5 vs. 8 months, P\<0.01; 0.5 vs. 1.1 P=0.015; respectively). In BMP-7 patients without any expression (i.e. patients who lost their BMP-7 high positivity found in normal tissue) there was a significant difference in time elapsed to primary recurrence in comparison to patients with BMP-7 positive samples, i.e. 6 vs. 9 months (P\<0.01), as well as in the number of tumor recurrences (0.6 vs. 1.2) in the follow-up period (P=0.019), ([Table III](#tIII-ol-0-0-11218){ref-type="table"}). We found no correlation for BMP-4 and BMP-6.

We did not find any statistically significant difference between the levels of BMP expression and tumor presence in lamina (positive vs. negative) (BMP-2 P=0.96, BMP-4 P=0.82, BMP-6 P=0.755, BMP-7 P=0.084). It is however worth mentioning that our results for BMP-7 almost reached statistical significance: This difference may possibly be proven on a larger sample. No statistically significant results were found for tumor grade (low vs. high) and BMP expression (BMP-2, P=0.74, BMP-4, P=0.48, BMP-6 P=0.85, BMP-7 P=0.71). The changes in tumor grade and stage were not significant either, most probably because of the small number of such patients in comparison to patients who showed no change, i.e. 11 vs. 60.

Discussion
==========

Numerous studies have linked members of the BMP family, BMP antagonists, and BMP receptors to cancer ([@b11-ol-0-0-11218]--[@b24-ol-0-0-11218]). However, available data on involvement of BMP family members in cancerogenesis are conflicting. Different members of the BMP group induce different effects in various types of cancer. For example a decrease of BMP-3 and an increase of BMP-4 have been related to progression and poor prognosis of breast cancer ([@b25-ol-0-0-11218],[@b26-ol-0-0-11218]). Increased levels of BMP-6 and −7 have been correlated with bone metastases in prostate cancer ([@b27-ol-0-0-11218],[@b28-ol-0-0-11218]) while the loss of BMP and BMP receptors has been associated with a higher tumor grade and pathological stage, increased rate of recurrence and a lower survival rate ([@b29-ol-0-0-11218]). Since BMPs are members of TGN-β, which has in general inhibitory characteristics on malignant cells, the same effect would be expected in bladder cancer cells. However, expression of BMP-9 in bladder cancer tissue has recently been established. Given that the up regulation of BMP-9 promotes proliferation and migration of bladder cancer cells, it could be used as a novel marker of tumor aggressiveness ([@b13-ol-0-0-11218]).

We have shown that there is a significant change: A loss of BMP proteins in cancer tissue when compared to the normal tissue. Although this loss is probably an important event in tumor development, it is not clear what causes it. BMP-2 expression has been shown in bladder cancer cell line (T24) ([@b30-ol-0-0-11218]) as well as in NMIBC, MIBC and metastatic bladder cancer in progressive scale. By contrast, we have found high levels of expression in normal (for BMP-2 and −7) tissue and a decrease of expression levels in some NMIBC, but in more than 50% of our samples the level of BMP-2 expression remained high. Moreover, the patients with a reduced number of BMP-2 positive cells (\<50%) also displayed a significantly shorter time from previous TUR if they underwent it. They also had a shorter time to first recurrence as well as a higher number of recurrent tumors, although we did not detect any significant change in tumor stage and grade related to BMP levels. The same results were observed in BMP-7, but not in BMP-4 and −6. Likewise, using real-time polymerase chain reaction, Kuzaka *et al* ([@b31-ol-0-0-11218]) have found BMP-2 and BMP-7 downregulation in infiltrating urothelial carcinoma, while BMP-4 was downregulated in non-invasive tumors. Furthermore, they have shown that BMP-2 and BMP-7 correlated with prolonged time to recurrence ([@b31-ol-0-0-11218]). Regarding BMP-4, we have also shown low, although not significant, downregulation in our group of NMIBC. On the other hand, using a human bladder cancer patient samples, Martínez *et al* ([@b32-ol-0-0-11218]) have recently shown, increased expression of BMP-4 in advanced and undifferentiated tumors. Although we can only speculate about the reasons for these observations, different members of the BMP group probably have diverse roles in normal and in tumor tissue. Furthermore, dissimilar results from different studies can be related to choice of methodology and cancer sample variants used for detection of BMP expression.

Also, changes in BMP expression levels in bladder cancer can most likely be related to a significant heterogeneity within the subgroups of TCC ([@b33-ol-0-0-11218]).

Kim *et al* ([@b12-ol-0-0-11218]) have also shown that tissue samples from TCC frequently loss expression of BMP receptor and that overexpression of BMP receptor in BMP resistant cell line leads to a restoration of BMP signaling and a decreased rate of tumor growth. These data as well as high levels of expression (for BMP-2 and −7) found in the normal healthy bladder tissue suggest that BMP may play an important protective role in the urinary bladder. Furthermore, a significant loss of BMP protein in cancer tissue can be related to an increased number of and a shorter time period for tumor recurrence, as we have shown in our study. Our results have to be verified on larger number of samples and with additional molecular medicine methods, such as polymerase chain reaction for detecting BMP messenger ribonucleic acid and Western blot for protein detection in tissue samples. However, we have shown that there is a correlation between the loss of BMP-2 and −7 and tumor recurrence. This finding is important for the treatment and follow-up of patients with NMIBC.
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![Staining for BMP2. (A) Immunohistochemical staining for BMP2 demonstrated strong and uniform cytoplasmic positivity in the normal bladder urothelium. (B) Weak cytoplasmic positivity in urothelial carcinoma cells of the bladder. (C) Moderate cytoplasmic positivity in urothelial carcinoma cells of the bladder. (D) Strong cytoplasmic positivity in urothelial carcinoma cells of the bladder. Magnification, ×200. BMP2, bone morphogenetic protein 2.](ol-19-02-1291-g00){#f1-ol-0-0-11218}

![Staining for BMP4. (A) Moderate cytoplasmic positivity for BMP4 in normal urothelial cells and (B) weak cytoplasmic positivity in urothelial carcinoma cells. Magnification, ×200. BMP4, bone morphogenetic protein 4.](ol-19-02-1291-g01){#f2-ol-0-0-11218}

![Staining for BMP6. (A) Negative immunohistochemical staining for BMP6 in normal urothelial cells. (B) Negative immunohistochemical staining in urothelial carcinoma cells. (C) Weak positive immunohistochemical reaction for BMP6 in the cytoplasm of the urothelial carcinoma cells. Magnification, ×200. BMP6, bone morphogenetic protein 6.](ol-19-02-1291-g02){#f3-ol-0-0-11218}

![Staining for BMP7. (A) Weak cytoplasmic positivity in urothelial cells for BMP7. (B) Weak cytoplasmic positivity in urothelial carcinoma cells. (C) Moderate cytoplasmic positivity in urothelial carcinoma cells. (D) Strong cytoplasmic positivity in urothelial carcinoma cells. Magnification, ×200. BMP7, bone morphogenetic protein 7.](ol-19-02-1291-g03){#f4-ol-0-0-11218}

###### 

Patient characteristics and pathohistological results.

  Characteristics                           Total n (%)
  ----------------------------------------- -------------------------
  Mean age (range), years                   65.5 (39--84)
  Previous TUR                              
    Yes                                     24 (34)
    No                                      47 (66)
  Tumor grade                               
    Low                                     38 (54)
    High                                    33 (46)
  Tumor stage                               
    Ta                                      28 (39)
    T1                                      43 (61)
  No. of tumors, average (range)            2.3 \[1-multiple (≥8)\]
  Size of tumor in cm, average (range)      4 (1--10)
  Mean follow-up, months (range)            33 (5--67)
  Tumor recurrence                          
    No                                      37 (52)
    Yes                                     34 (48)
  Mean no. of recurring tumors, n (range)   1.6 (1--4)

TUR, transurethral resection.

###### 

Levels of BMP-2, −4, −6 and −7 expression in normal and cancer tissues.

  BMP type       Normal tissues    Cancer tissues    P-value
  -------------- ----------------- ----------------- ---------
  BMP-2 levels   2--3 (2.9±0.32)   1--3 (2.5±0.56)   \<0.01
  BMP-4 levels   1--2 (1.1±0.32)   0--3 (0.9±0.95)   0.32
  BMP-6 levels   0--1 (0.9±0.32)   0--2 (0.3±0.54)   \<0.01
  BMP-7 levels   2--3 (2.7±0.01)   0--3 (0.4±0.80)   \<0.01

Data are presented as the average (mean ± standard deviation).

###### 

BMP-2 and −7 levels and time to tumor recurrence in months and number of recurrent tumors.

                                   Immunostaining score         
  -------------------------------- ---------------------- ----- --------
  Time from previous TUR, months                                
    BMP-2 positive                 5                      13    \<0.01
    BMP-7 positive                 6                      22    \<0.01
  First recurrence, months                                      
    BMP-2 positive                 5                      8     \<0.01
    BMP-7 positive                 6                      9     \<0.01
  No. of recurrent tumors                                       
    BMP-2 positive                 0.5                    1.1   0.015
    BMP-7 positive                 0.6                    1.2   0.019

Where 'time from previous TUR' refers to the time period in months between the previous TUR and the TUR when the samples were obtained for immunohistochemistry, and 'first recurrence' refers to the time period in months between TUR and when the first recurrent tumor is observed. The following immunostaining grading system was applied: 3+, \>50% of positive cells; 2+, 10--50% of positive cells; 1+, up to 10% of positive cells; and 0, if cells demonstrated no positive staining. Statistical analysis was performed via generalized one-way ANOVA with the generalized linear/nonlinear model for Poisson distribution. BMP, bone morphogenetic protein; TUR, transurethral resection.
